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Abstract: The first lot earned at 20ºC, received a ration with 17% proteins, metabolisable energy 2750 
kcal/kg; the second lot earned at 32ºC, received a ration with 17% protein, metabolisable energy 2750 kcal/kg; 
and third lot earned at 32ºC received a ration with 19% protein, metabolisable energy 2750 kcal/kg. The 
experimental period was of 10 weeks (21-31 weeks). Than the first lot the medium value of  hemoglobin was 
smaller with 12% at second lot and 7,2% at the third lot; the medium value of hematocrit receded with 11,1% at 
second lot and 8,1% at the third lot; the medium value of total plasma protein receded with 15,5% at second lot 
and 8,5% at the third lot. At the third lot rationincrease of with 10% protein up-holded the physiologically 
adaptation at thermic stress. 
 
INTRODUCTION 
 
The exposure of birds to heat stress decreases feed intake and the general metabolism 
lowing down bird growth, the laying percentage and egg quality (4, 6). One of the solutions 
considered in order to alleviate the heat stress is the dietary supplementation with protein and 
amino acids both for the chicks and for the hens (7, 8). Many researchers studied the relation 
between heat stress – diet and their effects on the serum parameters of poultry (1, 2, 3) 
showing that there are no stable serum parameters. 
The present experiment monitored the dynamics of several hematological parameters in 
hybrid Albo layers as influenced by the heat stress and by the diet. 
 
MATERIAL AND METHODS 
 
The experiment was conducted in the biobasis of the Faculty of Veterinary Medicine 
“Spiru Haret” on 72 Albo layers aged 21 weeks monitoring for 10 weeks (21–31 weeks of 
age) the variation of several hematological parameters according to the dietary protein level 
and to the environmental temperature. There were 3 groups with 24 layers each assigned to 6 
cages kept at 77% relative humidity. Group 1 (control group) received a diet with 17% protein 
(1% lysine, 0.75% methionine + cystine) and 2750 kcal metabolisable energy/kg and was kept 
at a constant temperature of 20ºC. Group 2 received a diet with the same protein to amino 
acids ratio and the same amount of metabolisable energy but was kept at 32ºC. Group 3 
received a diet with 19% protein (1.14% lysine, 0.75% methionine + cystine) and 2750 kcal 
metabolisable energy/kg; the microclimate conditions were identical with those of group 2. 
The light regimen increased gradually from 11 hours to 16 hours daily, remaining constant 
thereafter. The birds had free access to the feed and water throughout the experiment. Weekly 
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blood samples were collected on anticoagulant from the brachial vein to determine the 
hematological constants. 
The following hematological parameters were monitored: hemoglobin, with the 
colorimetric method (cyanmethoglobin, extinction read at 546 nm); hematocrit, with the 
Wintrobe-Römer method; total serum protein, with the method of Gornall using the principle 
of “burette reaction”.  
 
RESULTS AND DISCUSSION 
 
Birds have lower thermolysis possibilities than mammals under the conditions of heat 
stress. As the environmental temperature increases and it reaches the body temperature, heat 
loss is done with great difficulty or ceases at all. The regulation of body temperature is done 
therefore by nervous way (the preoptical area of the hypothalamus where there are 
thermosensitive neurons) by decreasing heat production, process that involves the reduction 
of energy metabolism by lower feed intake and by cellular biochemical modifications.  
The decrease of the biochemical processes that release energy is done with the 
combined action of the catecholamines (adrenalin and noradrenalin) and of the 
glucocorticoids. Their excess intensifies the transformation of glycogen into glucoses 
(glycogenolysis). Therefore, the energy stock of the liver and muscle cells decreases and 
glucogenesis intensifies (the formation of glucose from lipids and proteins). Therefore, 
peptides and protein synthesis decrease according to the intensity of stress, eventually 
reaching even an antianabolic situation. The birds are known to be able to adapt the nutrient 
intake according to the changes of the metabolic requirements and of the environmental 
temperature. The decrease of the energy metabolism decreases feed intake by about 5% for 
each extra degree centigrade, between 32ºC - 38ºC. Under such conditions, in order to 
improve the maintenance state of the layers, the specific production and the weight gain 
poultry diets are supplemented with 5-20% protein (7, 8). The experimental results produced 
each week were processed and interpreted statistically using the Student test. 
In the control group (group 1) serum hemoglobin and hematocrit decreased while total 
proteinemia increased, the observations being positively correlated with bird ageing. Serum 
hemoglobin decreased significantly (p≤0.05), by 13% in group 2 and by 10.5% in group 3. In 
the control group the 3% decrease was not significant (p≥0.05) (table 1).  
 
Table 1 Average weekly haemoglobin values (g/dl), the arithmetic average and the standard deviation 
 
Săptămâna Lotul 1 
X ± Sx 
Lotul 2 
X ± Sx 
Lotul 3 
X ± Sx 
1 13,2 ± 1,31 11,5 ± 1,13 12,0 ± 1,18 
2 12,6 ± 1,26 11,2 ± 1,10 11,6 ± 1,13 
3 13,2 ± 1,30 11,5 ± 1,13 12,5 ± 1,23 
4 12,5 ± 1,23 10,4 ± 0,92 12,5 ± 1,22 
5 12,0 ± 1,16 11,6 ± 1,14 12,2 ± 1,20 
6 11,2 ± 1,10 11,3 ± 1,11 11,4 ± 1,12 
7 12,3 ± 1,20 10,5 ± 0,95 11,3 ±1,11 
8 12,0 ± 1,18 10,9 ± 0,97 11,0 ± 1,10 
9 12,8 ± 1,25 10,8 ± 0,96 10,6 ± 1,03 
10 12,8 ± 1,24 10,0 ± 0,90 10,8 ± 1,04 
Media  12,5 ± 1,22 11,0 ± 1,03 11,6 ± 1,13 
The average serum hemoglobin value decreased significantly (p≤0.05), by 12% in group 
2 and by 7.2% in group 3, compared to the control group. The decrease of haemoglobin 
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values is the consequence of the limited protein intestinal absorption and of its deficient 
utilisation which characterises the vegetative reaction consecutive to the heat stress. 
Haemoglobin oscillated between 11.2 – 13.2 g/dl in the control group, between 10 – 11.5 g/dl 
in group 2 and between 10.6 – 12.5 g/dl in group 3. 
Through the 10 experimental weeks hematocrit values decreased significantly (p≤0.05), 
by 12.5% in group 2 and by 9% in group 3, while the 2.3% decrease was not significant 
(p≥0.05) in the control group (table 2).  
 
Table 2 Average weekly hematocrit values (%), the arithmetic average and the standard deviation 
 
Săptămâna Lotul 1 
X ± Sx 
Lotul 2 
X ± Sx 
Lotul 3 
X ± Sx 
1 30,0 ± 3,00 28,8 ± 2,80 28,8 ± 2,84 
2 29,7 ± 2,96 27,4 ± 2,72 28,4 ± 2,82 
3 30,5 ± 3,04 28,0 ± 2,78 28,0 ± 2,80 
4 30,2 ± 3,02 26,8 ± 2,64 27,3 ± 2,70 
5 29,5 ± 2,95 27,2 ± 2,70 26,5 ± 2,63 
6 30,0 ± 3,00 26,0 ± 2,60 27,5 ± 2,72 
7 29,6 ± 2,94 25,6 ± 2,53 26,8 ± 2,66 
8 28,8 ± 2,85 25,0 ± 2,50 26,5 ± 2,62 
9 29,0 ± 2,90 24,7 ± 2,45 26,0 ± 2,60 
10 29,3 ± 2,92 24,5 ± 2,42 26,2 ± 2,60 
Media  29,6 ± 2,96 26,3 ± 2,61 27,2 ± 2,68 
 
Comparative to the control group, the average serum hematocrit value was 11.1% lower 
in group 2 and 8.1% lower in group 3 (statistically ensured differences). As for the serum 
hemoglobin, serum hematocrit decreased less in group 3 than in group 2, as a consequence of 
a more efficient dietary protein metabolisation in the presence of protein-protecting amino 
acids. Hematocrit oscillated between 28.8 – 30.2% in the control group, between 24.5 – 28% 
in group 2 and between 26 – 28.8% in group 3. The decrease of hematocrit can also be 
accounted by hemodillution (hypervolemia) because the excess glucocorticoids stimulate 
water and sodium chloride reabsorption in the kidney and aq. caecum (5). 
The value of the serum protein oscillated weekly between 4.18 – 5.18 g/dl in the control 
group, between 3.60 – 4.16 g/dl in group 2 and between 4 – 4.45 g/dl in group 3 (table 3). 
In the control group, during the first 4 weeks (age of 21 to 25 weeks) there was a 
significant (p≤0.05) decrease, 6.3%, of the total serum protein due to the protein anabolism 
controlled by hormones (the growth hypophisary hormone) that provides for the average daily 
gain, for plumage development and for laying onset. During the subsequent period (age 25 – 
31 weeks) the protein requirements of the body decreased and the total serum protein 
increased by 19.3% because plasma proteins are a labile reserve readily usable in need. 
Overall period, one can observe a 16.1% increase of the total serum protein in the control 
group (p≤0.05). 
The prolonged exposure to heat of the layers from groups 2 and 3 triggered the 
activation of the hypothalamus – hypophysis – corticosuprarenal complex. This intensified 
protein catabolism and mobilized the functional and structural proteins for the synthesis of the 
endogenous protein. 
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Table 3 Average weekly serum protein values (g/dl), the arithmetic average and the standard deviation 
Săptămâna Lotul 1 
X ± Sx 
Lotul 2 
X ± Sx 
Lotul 3 
X ± Sx 
1 4,46 ± 0,44 4,10 ± 0,38 4,28 ± 0,42 
2 4,32 ± 0,43 4,05 ± 0,40 4,28 ± 0,42 
3 4,25 ± 0,41 4,16 ± 0,41 4,00 ± 0,38 
4 4,18 ± 0,38 4,10 ± 0,42 4,05± 0,40 
5 4,30 ± 0,42 4,00 ± 0,38 4,10 ± 0,40 
6 4,47 ± 0,44 3,70 ± 0,36 4,00 ± 0,38 
7 4,62 ± 0,45 3,64 ± 0,34 4,16 ± 0,40 
8 4,84 ± 0,46 3,60 ± 0,30 4,20 ± 0,41 
9 5,10 ± 0,50 3,62 ± 0,32 4,32 ± 0,43 
10 5,18 ± 0,51 3,60 ± 0,30 4,45 ± 0,44 
Media  4,57 ± 0,44 3,86 ± 0,36 4,18 ± 0,40 
 
In group 2, (table 3) whose diet was not supplemented with protein, there were no 
significant changes of the protein tire during the first 4 weeks. Overall experimental period 
there was a 12.2% decrease (p≤0.05) due to the exhaustion of the labile protein of reserve. In 
group 3 diet supplementation with 10% protein caused a non significant increase (4%) of 
protein genesis because most of the amino acids absorbed at the level of the digestive mucous 
cells are converted into sugars and lipids. Compared to the control group, the average value of 
the total serum protein decreased by 15.5% in group 2 and by 8.5% in group 3 (p≤0.05). 
Under the conditions heat stress the energy metabolism decreases also due to the 
decrease of thyroid activity. Heat hypothyroidism displays a lower lipid catabolism (with the 
increase of serum cholesterol) by a lower protein anabolism, by a lower tissular consumption 
of glucose (with hyperglycemia) and by hypoactivity of the reproductive organs. Behavioral 
changes also take place: the birds decrease their physical activity by decreasing the muscular 
effort and stretch their wings increasing thus the area of heat dissipation in the less-feathered 
areas of their body. The function of several endocrine glands participate in these adaptative 
processes: mainly the hypophysis, thyroid and adrenal glands, all coordinated by the 
hypothalamus. 
 
CONCLUSIONS 
 
1. Heat stress induces adaptative metabolic disturbances expressed by humoral and 
behavioral changes 
2. Hemoglobin, hematocrit and total serum protein display a significant (p≤0.05) average 
decrease in groups 2 and 3 compared to the control group.  
3. Throughout the experiment, hemoglobin and hematocrit displayed a significant 
(p≤0.05) decrease in all groups, irrespective of the diet. 
4. A moderate increase of protein synthesis was observed only in group 3 following the 
protection of the organism against heat by the additional 10% dietary protein. 
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